Whereas 23m2U142 and other actinon nuclei have ground-state bands that indicate that each nucleus consists of a sphere and a single revolving cluster with constant composition and with only a steady increase in the moment of inertia with increase in J, the angular-momentum quantum number, many of the lanthanon ground-state bands show discontinuities, usually with an initial slightiy or strongly curved segment followed by one or two nearly straight segments. The transition to nearly straight segments is interpreted as a change in structure from one revolving cluster to two revolving clusters. The proton-neutron compositions of the clusters and the central sphere are assigned, leading to values of the radius of revolution. The approximation of the twocluster sequences to linearity is attributed to the very small values of the quadrupole polarizability of the central sphere.
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Values of the nucleon numbers of clusters and spheres, of the radius of revolution, and of promotion energy are discussed.
taken into account by replacing E(J) in Eq. 1 by E(J) -E(J), in which e(J) is the difference in energy of the nucleus with the structure ofthe J+ state but with zero angular momentum and E(0+): R = {20.9 J(J + 1)4g[E(J) -eq)]}/2. [2] Thus the promotion energy from state J' to state J" is e(J") -e(J'). The energy of state J and the value of e(J) are accordingly both needed to evaluate R(J), except for the case in which there is no change in structure from state J' to state J", in which case Ae can be taken to be zero. If centrifugal stretching is small, Eq. 1 can then be applied to evaluate jLR2.
R can then be calculated if a reliable value of m (and hence one of A) can be suggested by an auxiliary argument.
Rules About Clusters and Spheres
In earlier discussions (1) (2) (3) (4) (5) of the structure of nuclei associated with their ground-state bands I have assumed that the nucleus consists of a spherical part and a cap (a cluster) that revolves about it, and that the radius R (the distance from the center of mass of the cluster to that of the sphere) can be evaluated from the following equation, in which E is the energy of the Jth state in MeV, J is the angular-momentum quantum number, A is the reduced mass ofthe cluster and the sphere in Da, and 20.9 is the numerical factor corresponding to R in fm: R = {20.9 J(J + 1)/1E(J)}'2. [1] In using Eq. 1 it is assumed that the part of the nucleus (the "sphere") other than the revolving cluster makes no contribution to the moment of inertia. This is, of course, expected for completed subshells, but I have assumed it also when the sphere contains extra nucleons or has some nucleons missing. I have also made two other approximations: one is to ignore the moment of inertia of the cluster about an axis through its own center of mass, and the other is to ignore the difference between the radius to the center of the individual spherons (helions, tritons) of the cluster and the radius to its center of mass resulting from its curvature to fit the surface of the sphere. The two corrections have opposite signs. I judge that inclusion of these corrections would not alter any of the conclusions reached in this study.
As the structure of the nucleus changes by an increase in the value of m, the nucleon number of the cap, or in some other way, such as the transition from one revolving cluster to two revolving clusters, some promotion energy may be required, such as the uncoupling energy of a pair of protons or neutrons with opposite spin. This increases with increase in m and over a limited range of values of m can be taken as linear in m. The kinetic energy of the cluster (Eq. 1) is proportional to p-2, for R constant, and hence approximately to m-2. The total energy ofthe state J is calculated to have a minimum for one value of m, usually not an even integer. The wave function for this state can be evaluated by solving the secular equation corresponding to various even-integer values of m. If the resonance integrals in the off-diagonal positions of the matrix are small relative to the energy differences corresponding to Am = 2, three cases may be considered. In one case the value of m*, which minimizes the sum of the promotion energy and kinetic energy, is a little less than an even-integer m. In that case the wave function is close to that for m, and using m in Eq. 1 will lead to a value ofR somewhat smaller than the correct value. If m* is a little larger than the even-integer m, the use of m in Eq. 1 gives a value of R somewhat too large. If m* is close to an odd integer, the two adjacent even-integer values of m will contribute about equally; in this case, which occurs only rarely, use of an odd-integer value of m is indicated.
An Example of a Ground-State Band with a Single Revolving Cluster with Unchanging Composition
The nucleus 23U142 has a reported sequence of values ofE(J) extending to J = 28+. The smoothness of the curve through these values, plotted against J(J + 1) in Fig. 1 , indicates that no change occurs in the composition of the cluster in this sequence (5). The moment of inertia calculated by Eq. 1 increases from 2884 to 3950 Da-fm2 in a way compatible with the explanation that the increase results from centrifugal stretching (5). It is reasonable to assign the compositions p10n16 to the cluster and p82n126 (doubly magic) to the sphere; the value of R(2+) is then 11.17 fm. Many other nuclei in this region have been assigned similar structures with constant composition of the revolving cluster (5).
For nuclei from 212Pb128 to 224Thl34 the energy levels from The energy levels of the lanthanon nuclei are harder to interpret than those of the actinons. [Most of the values of E(J) used in this paper are from ref. 6 . The exception is 142Xe (see Table 2 ) from ref. 7.] The difference in complexity is shown in Figs. 1 and 2 . In Fig. 1 values of E(J) are shown vs.
values ofJ(J + 1) for 160Yb9o and 214U142. For the Yb isotope it can be seen that the points form three sequences. First, from 0+ to 12+ there is a strong curvature, indicating that m increases with J. Then from 14+ to 24+ there is a straight segment, indicating a constant value ofthe moment of inertia, and there is another straight segment from 26+ to 38+, indicating another, somewhat larger, constant value of the moment of inertia. Corresponding differences, much more striking, are shown in Fig. 2 , showing E(J + 2) -E(J) vs. (J + 2)(J + 3) -J(J + 1).
I attribute the transition from the curve to the first straight line to the change from one revolving cluster to two revolving clusters. There are three main reasons for this attribution. The first is that it provides an explanation for the linearity of the linear segments. With one cluster, the segments would be expected to be curved, even with m constant, because of centrifugal expansion, as illustrated by the curve for the U isotope in Fig. 1 . The magnitude of this expansion is determined for a single revolving cluster not only by the Hooke's law constant for the bonds between the cluster and the sphere but also by the dipolarizability of the sphere. For a nucleus with two revolving clusters, however, not the dipolarizability but instead the quadrupolarizability of the sphere is involved, and this quantity may be estimated to be so small that the curvature of the linear segments is not observed. The second reason is that with a single revolving cluster this cluster would be far too large. For the first straight segment for lwYb, the slope leads to moment of inertia I = 2500 Dafm2. The initial values of E(J+) for nuclei in this region lead to R -8 fm, which with I = 2500 Da~fm2 and one cluster requires m to be -66, nearly as large as the nucleon number of the sphere, 94 . For the second straight line, with I = 2920 Da'fm2, the best that can be done is to have m = 80 for the cluster and also for the sphere, with R then equal to 8.54 fm, which is too large.
The third reason for accepting two revolving clusters for these straight-line segments is that, as shown in Table 1 , reasonable assignments of nucleon numbers to the two revolving clusters and the sphere lead to reasonable values of R.
Analysis of Linear Segments
The points from J = 0+ to 14+ for '98Yb90 in Fig. 1 For N > 90 the initial segments are nearly straight lines and the corresponding values of the moment of inertia can be calculated with no correction for promotion energy. In this region the clusters are large, with nucleon number ranging from 24 to 44. Sometimes the stability rules for cluster and sphere fix this number reliably, but often there is uncertainty, and accordingly I have not prepared a table giving the results for these sequences. As also with the curved initial sequences, the values of R are in the range of those in Table 1 .
An interesting example is "'Ce94, which has the smallest values of E in this region, E(2+) = 0.0726 and E(4+) = 0.2366 MeV, corresponding to I = 1727 and 1767 Da'fm2. The increase from 2+ to 4+ indicates that there is a single revolving cluster and the values of I require that the nucleon number be large. The largest reasonable nucleon number is 42, corresponding to composition p18n24 for the cluster and pQ n71 (doubly semimagic) for the sphere and to the value R = 7.54 fm for the radius of revolution. The increase in R from 6 .62 fm for 130Ce72 is expected as resulting from the change in composition of the sphere from p40n50, with 25 spherons, to p40n70, with 35 spherons; the ratio (35/25)/3 gives 12% expected increase, a little larger than the 10%o increase in R.
In an earlier section it was pointed out that maximum stability of a cluster would be expected for 7 spherons (14 neutrons), 6 in a ring around a central spheron. Similar good triangular packing would occur also for 12 spherons, with 9 around a central triangle of 3. This is the structure I propose for the cluster in 152Ce.
The Promotion Energy
Values of the promotion energy (the energy of uncoupling of the spins of pairs and of excitation from one shell-model level to another) in Table 1 
Conclusion
In this communication a simple treatment of the ground-state bands of lanthanon nuclei has been carried out on the basis of the assumptions that the structure of the nucleus is a sphere with either one or two clusters revolving about it, that the numbers of protons and neutrons in the sphere tend to be magic or semimagic, and that each cluster has a reasonable composition. For many bands an assignment of the nucleon number of a single revolving cluster can be made for J = 2+, either remaining constant or increasing, usually in increments of 2, for larger values of J, that leads to values of the radius of revolution that change in a systematic way with change in Z and N. The largest cluster found, p18n24, has m = 42 and consists of a close-packed cap of 12 spherons. For many nuclei the sequences of values of E(J) show discontinuities that indicate a change in structure. The sequences at the larger values of J indicate a constant composition of the nucleus with remarkably small centrifugal stretching and very large values of the moment of inertia. These observations are accounted for by the assumption that the high-J structures involve the revolution of two clusters about a central sphere. This assumption permits the assignment of structures to the revolving clusters corresponding to values of the radius of revolution close to those found for the segments with a single revolving cluster.
All of the proposed structures and arguments are compatible with quantum mechanical principles. This effort to assign rather detailed structures to individual nuclei in their normal states and excited states is not intended to replace quantum mechanical calculations, but instead to supplement them, just as the well-developed chemical structure theory, involving chemical bonds and structural formulas of molecules, supplements molecular quantum mechanical calculations.
